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An in silico method to identify computer-
based protocols worthy of clinical study:
An insulin infusion protocol use case

Anthony F Wong,1 Ulrike Pielmeier,2 Peter J Haug,1 Steen Andreassen,2 Alan H Morris1,3

ABSTRACT
....................................................................................................................................................

Objective Develop an efficient non-clinical method for identifying promising computer-based protocols for clinical study. An in silico comparison
can provide information that informs the decision to proceed to a clinical trial. The authors compared two existing computer-based insulin infusion
protocols: eProtocol-insulin from Utah, USA, and Glucosafe from Denmark.
Materials and Methods The authors used eProtocol-insulin to manage intensive care unit (ICU) hyperglycemia with intravenous (IV) insulin from
2004 to 2010. Recommendations accepted by the bedside clinicians directly link the subsequent blood glucose values to eProtocol-insulin
recommendations and provide a unique clinical database. The authors retrospectively compared in silico 18 984 eProtocol-insulin continuous IV in-
sulin infusion rate recommendations from 408 ICU patients with those of Glucosafe, the candidate computer-based protocol. The subsequent blood
glucose measurement value (low, on target, high) was used to identify if the insulin recommendation was too high, on target, or too low.
Results Glucosafe consistently provided more favorable continuous IV insulin infusion rate recommendations than eProtocol-insulin for on target
(64% of comparisons), low (80% of comparisons), or high (70% of comparisons) blood glucose. Aggregated eProtocol-insulin and Glucosafe con-
tinuous IV insulin infusion rates were clinically similar though statistically significantly different (Wilcoxon signed rank test P¼ .01). In contrast,
when stratified by low, on target, or high subsequent blood glucose measurement, insulin infusion rates from eProtocol-insulin and Glucosafe
were statistically significantly different (Wilcoxon signed rank test, P< .001), and clinically different.
Discussion This in silico comparison appears to be an efficient nonclinical method for identifying promising computer-based protocols.
Conclusion Preclinical in silico comparison analytical framework allows rapid and inexpensive identification of computer-based protocol care strat-
egies that justify expensive and burdensome clinical trials.

....................................................................................................................................................
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INTRODUCTION
Decision-support tools can aid clinician decision-makers. Guideline
and protocol use has produced favorable clinical outcomes.1–4

Computer-based protocols can standardize clinical decisions while re-
taining the ability to adapt to contextual changes and thus individual-
ize, or personalize, patient care.5 In particular, computer-based
protocols can enable replicable clinician decision-making (with clini-
cian compliance of 95%) across cultures and medical specialties.6,7

Computer-based protocols can also enable translation of research re-
sults to clinical practice.8

The advent of information technology in medicine has produced
more computer-based protocols in different health institutions.9–14

Clinicians may want to choose the best among alternative computer-
based clinical protocols for use in clinical care or in a clinical trial.
However, clinical trial evaluation of different computer-based protocols
is challenging because of: 1) complexity of the clinical environment, 2)
expense, 3) consumptions of time as well as clinical research
and care resources, and 4) regulatory barriers.15 An efficient
method for comparing and assessing the performance of different
computer-based protocols, before committing to an expensive and re-
source consumptive clinical trial, would be valuable.

Computer simulations have been widely used in medicine.16,17

Clinicians can examine various use scenarios, safety issues, and pa-
tient benefits in a computer simulation without exposing patients to
risk.18 Allart et al.19 described a strategy to compare computer-based

protocols, but did not address specific methods. We know of no sys-
tematic computerized (in silico) comparisons of two computer-based
protocols using real patient data unambiguously linked to the output of
one of the protocols. A successful method could, quickly and inexpen-
sively, identify alternative strategies worthy of clinical trial investment.
To achieve this goal, we developed an in silico method for comparing
alternative computer-based protocol care strategies. We present
the first results of such a comparison of two computer-based insulin
infusion protocols. We implemented a computer-based protocol
(eProtocol-insulin) for management of ICU stress hyperglycemia.6–8

eProtocol-insulin is an open-loop, servo-control, heuristic, rule-based,
empiric protocol that recommends continuous IV insulin infusion rate.
Its recommendations are based on the difference between the most
recent blood glucose and the blood glucose target, the rate of change
of blood glucose, the current continuous IV insulin infusion rate, the
last concentrated IV glucose dose (if any, for treatment of hypoglyce-
mia), and time.6,8 Bedside clinicians review each eProtocol-insulin
recommendation before adjusting the continuous IV insulin infusion
rate. If the clinician declines the recommendation, the clinician will set
the continuous IV insulin infusion rate according to his/her judgment.
This is an iterative time-based method (at about 2 h intervals) that pro-
duces sequential blood glucose measurements following continuous IV
insulin infusion rate adjustments. Bedside clinicians accepted 95% of
eProtocol-insulin recommendations.6–8 eProtocol-insulin has thus en-
abled a consistent and replicable clinician decision-making method.
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The resulting data collected in our electronic medical record (EMR)
is unusual because it results from the direct interaction between the
output of one of the protocols (eProtocol-insulin) and blood glucose
measurements of ICU patients with stress hyperglycemia. This EMR
database provides a unique resource for comparison of eProtocol-insulin
with other replicable methods for managing stress hyperglycemia. We
used it to evaluate Glucosafe, a candidate alternative computer-based
protocol.

Glucosafe is a decision support system for glycemic control based
on a multi-organ physiologic model developed in Denmark that recom-
mends a continuous IV insulin infusion rate and an IV insulin bolus.20–22

Glucosafe calculates insulin sensitivity based on blood glucose measure-
ments, previous continuous IV insulin infusion rate and IV insulin bolus,
and total parenteral and enteral nutrition. Glucosafe includes rules for in-
sulin saturation effects and for the glucose absorption rate as a function
of carbohydrate content in the gastrointestinal tract, based on the rate
and type of enteral feeding.21 Small-scale prospective studies have
been conducted successfully in Europe to examine safety and perfor-
mance issues.20,22 The in silico method offers the opportunity for clini-
cians to examine a candidate computer-based protocol and compare it
with eProtocol-insulin, before investing in a clinical trial. For the purpose
of the comparison reported herein, the Glucosafe program was modified
to accept batched sequential data input. The output of Glucosafe con-
sists of an insulin sensitivity estimate, a continuous IV insulin infusion
rate and an IV insulin bolus. The IV insulin bolus is only recommended
when blood glucose exceeds 180 mg/dL.

METHODS
Glucosafe requires more input data than does eProtocol-insulin. To maxi-
mize the validity of Glucosafe results in our in silico comparison, we re-
quired perfect and complete data sets. We therefore eliminated a large
number of data sets with any imperfection, however trivial (see Figure 1).

In some clinical circumstances, Glucosafe suggests an insulin bo-
lus in addition to new settings for the insulin infusion. For the compari-
sons described below, we converted the Glucosafe IV insulin bolus
into its continuous IV insulin infusion rate equivalent
(Insulinbolus_iv_equivalent), and added it to the continuous IV insulin infu-
sion rate (InsulinGlucosafe_IV) to produce a total continuous IV infusion
rate (InsulinGlucosafe_final), according to:

Insulinbolus iv equivalent ðU=hÞ ¼
InsulinbolusðU Þ

time difference between two sequential
blood glucose measurements ðhÞ

� � (i)

InsulinGlucosafe final ¼ InsulinGlucosafe IV þ Insulinbolus iv equivalent (ii)

We examined LDS Hospital and Intermountain Medical Center EMR
data from 2004 to 2010. We identified ICU patients at least 14 years
old, with stress hyperglycemia managed with eProtocol-insulin and an
80–110 mg/dL blood glucose target.6 We only included patients sup-
ported with eProtocol-insulin in single clinical encounters that contained
>5 complete records of blood glucose and associated data (acquired at
about 2-h intervals). We noted that while the target data acquisition in-
terval was 2 h, the realities of delivering care in a clinical setting caused
some variability (median¼ 2.05, standard deviation¼ 0.81,
mean¼ 2.10 h). We extracted patient demographic records, blood glu-
cose measurements, continuous IV insulin infusion rate, nutrition, IV
propofol infusion rates (because of propofol’s caloric value, used by
Glucosafe), and presence and types of diabetes mellitus. Glucosafe

uses quantified nutrition for computation of IV insulin recommendation,
whereas eProtocol-insulin does not. We therefore excluded many pa-
tients because they were neither given enteral nor total parenteral nutri-
tion. We excluded patients with recorded propofol infusion rates
exceeding 200 mcg/kg/min. We excluded patients with two sequential
measurements of blood glucose more than 12 h apart, to assure unin-
terrupted management of blood glucose with eProtocol-insulin.

eProtocol-insulin used blood glucose and insulin values at times ti
and ti�1, to generate new continuous IV insulin infusion rate recom-
mendations at time ti (Figure 2). Glucosafe used blood glucose and in-
sulin values at time ti and at all previous times. For outcome
evaluations, we used a moving window of two sequential times, ti and
ti 1 1. The blood glucose at time¼ ti 1 1 was the outcome of the new
continuous IV insulin infusion rate recommended and given at time¼ ti
(see Analysis of Glucose at time¼ ti 1 1 in Figure 2). We used the
subsequent blood glucose measurement value (low, on target, high)
at time¼ ti þ 1 to identify if the continuous IV insulin infusion rate rec-
ommendation at time¼ ti was too high, appropriate, or too low. The
80–110 mg/dL blood glucose target range was the target in the origi-
nal eProtocol-insulin clinical application that provided the clinical data
for our computer-based protocol comparison. We defined low and
high blood glucose ranges as <80 mg/dL and >110 mg/dL, respec-
tively, to simplify the analysis. We used the following evaluation strat-
egy to identify which of the two continuous IV insulin infusion rate
recommendations (from eProtocol-insulin or Glucosafe) was more fa-
vorable, because it was more likely to bring the blood glucose at
time¼ ti 1 1 to the blood glucose target range of 80–110 mg/dL:

If the blood glucose measurement at time ¼ ti 1 1 was low (<80
mg/dL), the continuous IV insulin infusion rate was higher than de-
sired and the lower of the two recommended continuous IV insulin
infusion rates at time ¼ ti was “more favorable,” because it
would likely have the lower danger of hypoglycemia.
If the blood glucose measurement at time ¼ ti 1 1 was high
(>110 mg/dL), the continuous IV insulin infusion rate was
lower than desired and the higher of the two recommended
continuous IV insulin infusion rates at time¼ti was “more
favorable.”
When blood glucose at time ¼ ti 1 1 was within target (80–110
mg/dL), the lower of the two recommended continuous IV insulin
infusion rates at time ¼ ti was “more favorable” because it
would likely have the lower danger of hypoglycemia. We used
two methods to determine if the two recommended continuous
IV insulin infusion rates were “equivalent” if they were equal
(analysis “a”) or if the higher infusion rate was within 10% of
the lower infusion rate (analysis “b”) (Figure 2, “a” and “b”).

We analyzed two groups of data:

1. Recommended continuous IV insulin infusion rate at time¼ ti
(a continuous variable), and

2. Favorability of continuous IV insulin infusion rate at time¼ ti 1 1

(a categorical variable).

We used the Wilcoxon signed rank test to compare the distribu-
tions of recommended continuous IV insulin infusion rates at time¼ ti
(a continuous variable). We conducted one-sample z-tests for propor-
tions to assess the proportion of eProtocol-insulin and Glucosafe pairs
of recommended IV continuous insulin infusion rates that were not
equivalent at time¼ ti 1 1. We assessed if the more favorable frac-
tions for eProtocol-insulin or for Glucosafe (categorical variables) at
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time¼ ti 1 1 were significantly different from 0.5 expected from
chance alone. We evaluated more favorable fractions for three catego-
ries of blood glucose measurement at time¼ ti þ 1: low (<80), on tar-
get (80–110 with equivalence analyses [a] and [b]), and high
(>110 mg/dL).

RESULTS
We took advantage of a clinical database generated during use of a
computer-based protocol to manage hyperglycemia with continuous IV
insulin infusions (eProtocol-insulin). We only used data associated
with eProtocol-insulin continuous IV insulin infusion rate recommenda-
tions accepted by the bedside clinicians. We examined 118 377
eProtocol-insulin recommendations from 2560 patients. We excluded
2152 patients using the criteria listed in Figure 1, leaving 408 patients
with 20 770 eProtocol-insulin recommendations. We removed the
3.7% of 20 770 eProtocol-insulin recommendations rejected by bed-
side clinicians and used only eProtocol-insulin recommendations ac-
cepted by bedside clinicians. We also removed another 1021 records
because blood glucose at time¼ ti 1 1 was not available or because
the records followed an eProtocol-insulin recommendation rejected by
the bedside clinician. We analyzed a study sample of 18 984
eProtocol-insulin recommendations for 408 patients (11 with type 1,
and 113 with type 2 diabetes; 241 males and 167 females) (Figure 1
and Table 1). The study sample unambiguously reflected the direct

link between continuous IV insulin infusion rates recommended by
eProtocol-insulin and the subsequent blood glucose measurement (a
rare feature of EMR data).

The aggregated eProtocol-insulin and Glucosafe recommended
continuous IV insulin infusion rates were clinically similar though sta-
tistically significantly different (Wilcoxon signed rank test P¼ .01):
mean (3.9 U/h and 4.0 U/h), median (3.3 U/h and 3.5 U/h), standard
deviation (2.7 U/h and 3.1 U/h), minimum (0 U/h and 0 U/h) and maxi-
mum (21.5 U/h and 21.8 U/h), respectively. In contrast, when we
stratified the time¼ ti continuous IV insulin infusion rates by the three
blood glucose measurement categories at time¼ ti 1 1 (<80, 80–
110, and >110 mg/dL), the recommended time¼ ti IV continuous in-
sulin infusion rates from eProtocol-insulin and from Glucosafe were
not only statistically significantly different (Wilcoxon signed rank test,
P< 0.001), but also appeared clinically different. Glucosafe IV insulin
recommendations were more favorable than those of eProtocol-insulin
in all three time¼ ti 1 1 blood glucose categories (Table 2).

For blood glucose <80 mg/dL, Glucosafe recommended lower me-
dian rates of IV continuous insulin infusion (1.5 U/h) than eProtocol-in-
sulin (3.4 U/h) and Glucosafe’s recommendations were more favorable
80% of the time (Tables 2 and 3). For blood glucose >110 mg/dL,
Glucosafe recommended higher median rates of IV continuous insulin
infusion (5.4 U/h) than eProtocol-insulin (3.3 U/h) and Glucosafe rec-
ommendations were more favorable 70% of the time (Tables 2 and 3).

Figure 1: CONSORT diagram of considered patients. We used strict exclusion criteria to maintain an unambiguous relationship between
eProtocol-insulin recommended continuous IV insulin infusion and subsequent blood glucose measurements.

2,560 patients supported with eProtocol-insulin from 2004-2010

Exclusion criteria (patients can have more than 1): 
(i) supported by multiple versions of eProtocol-insulin   (38 patients) 
(ii) not given enteral or total parenteral nutrition    (925 patients) 
(iii) missing blood glucose or insulin data     (626 patients) 
(iv) missing clinician acceptance of recommendations   (595 patients) 
(v) missing eProtocol-insulin recommendations    (595 patients) 
(vi) <=5 complete data records      (257 patients) 
(vii) propofol exceeding 200 mcg/kg/min     (40 patients) 
(viii) two measurements of blood glucose > 12 hours  apart (70 patients) 

408 patients and 20,770 observations (96.3% of eProtocol-insulin 
recommendations accepted by bedside clinicians)

Study sample: 408 patients with 18,984 eProtocol-insulin 
recommendations (and associated data) accepted by bedside clinicians 

2,152 patients excluded 

1,786 observations removed (the criteria below 
are not mutually exclusive): 

• eProtocol-insulin recommendations 
rejected by bedside clinicians (765 records) 

• Last record from each patient because 
blood glucose at time=ti+1 cannot be 
observed (408 records) 

• Subsequent records following rejected 
recommendations (636 records) 
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For blood glucose within the target range (80–110 mg/dL), Glucosafe
recommended lower median rates of IV continuous insulin infusion
(2.8 U/h) than eProtocol-insulin (3.3 U/h) and Glucosafe recommenda-
tions were more favorable 64% of the time for analysis (a) and 60% of
the time for analysis (b) (Tables 2 and 3). Further, the proportion of IV
insulin recommendations deemed more favorable (Table 2) was signif-
icantly different from 0.5 for both Glucosafe and eProtocol-insulin in
each of the three blood glucose categories (one-sample z-test,
P< .001).

DISCUSSION
We took advantage of a robust clinical database generated through
use of a consistent clinician decision-making method (eProtocol-insu-
lin) to perform an in silico comparison of two computer-based protocol
care strategies (eProtocol-insulin and Glucosafe). Our use of
eProtocol-insulin stabilized the clinical process of managing stress hy-
perglycemia in the ICU. This consistent, clinician decision-making
method allowed us to use the clinical EMR data to rigorously evaluate
Glucosafe and assess its worthiness for expensive and resource con-
sumptive evaluation in a clinical trial. We were not evaluating the im-
pact of either eProtocol-insulin or Glucosafe on pertinent clinical
outcomes. We were not assessing the appropriateness of the protocol
target of 80–110 mg/dL. Our analyses do demonstrate one effective
way of evaluating a candidate computer-based clinical protocol and
thus avoiding the unnecessary expense of conducting some clinical
trials.

In aggregate, eProtocol-insulin and Glucosafe continuous IV insulin
infusion rate recommendations at time¼ ti were statistically signifi-
cantly different, but the difference appeared not clinically important.
However when subdivided by blood glucose category at time¼ ti þ 1,
the continuous IV insulin infusion rate recommendations at time¼ ti
were both statistically significantly different and the difference ap-
peared clinically important (Tables 2 and 3). Glucosafe produced sub-
stantially more favorable insulin recommendations than eProtocol-
insulin. In the low range, we expect Glucosafe’s lower continuous IV
insulin infusion rate recommendations would reduce hypoglycemia
rates. In the high range, we expect Glucosafe’s higher continuous IV
insulin infusion rate recommendations would lower the blood glucose
level to the desired range faster than does eProtocol-insulin. These re-
sults suggest Glucosafe is the preferable protocol and justify a formal
clinical trial of Glucosafe.

Glucosafe contains a comprehensive, multi-organ model, physio-
logic algorithm that incorporates detailed enteral and parenteral nutri-
tional information.21 eProtocol-insulin is an empiric rule set and has
only a crude nutrition rule in its blood glucose management logic.6

The Glucosafe protocol logic incorporates a more complete collection of
relevant nutrition information than does eProtocol-insulin. This may
explain why Glucosafe was able to more consistently recommend more
favorable continuous IV insulin infusion rate than eProtocol-insulin. In
spite of the ability of Glucosafe to function with more complex data, it ac-
tually proved superior even with the restricted clinical data available from
previous eProtocol-insulin use. We might expect even better performance
if more complex clinical data were made available to Glucosafe.

The clinical database, derived from patients supported with
eProtocol-insulin, carries an imprint of the eProtocol-insulin logic. We
expected this imprint of eProtocol-insulin logic to produce results that
favor eProtocol-insulin; however, we observed the opposite. We be-
lieve this makes more credible the conclusion that the Glucosafe pro-
tocol logic produces more favorable IV continuous insulin infusion
recommendations.

Our study sample was limited to Utah adult patients, predominantly
Caucasians of northern European descent, who had been managed
with eProtocol-insulin. A future comparison of eProtocol-insulin and
Glucosafe, using clinical data generated with Glucosafe management
and carrying the imprint of the Glucosafe logic, might be revealing.
While we only compared two ICU insulin infusion protocols, the

Table 1: Demographic data and diagnostic groups

Min Max Mean (SD)

Age (years) 14 95 49.5 (20.3)

Weight (kg) 39.5 275.8 86.3 (26.0)

Height (cm) 139.7 208.3 173.1 (10.3)

Primary
Discharge
Diagnostic
Categoriesa

(N patients)

Sepsis/Infection 90

Trauma 126

Pneumonitis 9

Respiratory, other 23

Cardiovascular 41

Abdominal 18

Liver 24

Gall Bladder/Pancreas 5

Malignancy 20

Diabetes Mellitus 2

Other Endocrine 1

Renal 7

Central Nervous System 2

Drug Overdose 21

Peripartum 4

Vasculitis 2

Other 8

a408 patients total (241 male, 167 female). Diagnostic groups only
available for 403 patients.

Figure 2: Temporal characteristics of eProtocol-insulin and
Glucosafe. Times of data used for continuous IV insulin infu-
sion rate recommendation and time of blood glucose used
for assessment of the appropriateness of the continuous IV
insulin infusion rate recommendation.
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method we developed seems generally applicable to computer-based
protocols, regardless of subject, as long as a clinical database is un-
ambiguously linked to the performance of one of the computer-based
protocols. One of the goals of future work is to explore more nuanced
favorability scoring algorithms. We believe there is room to improve
the algorithm by incorporating blood glucose trends and other clinically
useful observations. We are preparing to launch a clinical trial that will
compare eProtocol-insulin and Glucosafe based on the results of our
in silico analysis reported herein.

Replicability of results is a general scientific requirement before
new observations are embraced in a scientific domain. Replication of
results generally requires replicable experimental methods. For clinical
experiments this means a consistent clinician decision-making
method. We believe this general scientific principle needs to be more
widely embraced in medical research at the patient-clinician interac-
tion.5 Consistent clinician decision-making methods, enabled by com-
puter-based protocols, will eliminate some unnecessary variation in
clinical research and practice.23 A consistent clinician decision-making
method will stabilize part of the process of care and likely improve
results in both clinical research and practice, just as stabilization of
process has been associated with improvements in industry.24

We believe our in silico method can contribute to a Learning
Health Care System.25 The in silico comparison technique is an in-
expensive method of identifying a computer-based clinical protocol
that justifies the expense of a clinical trial. We can evaluate multi-
ple computer-based clinical protocols of interest without incurring
the cost of a full scale clinical trial. This could help to lower the
overall cost of health care. The in silico method can also facilitate
learning among researchers and clinicians. Lessons learned can be
used to develop new knowledge and further improve the com-
puter-based clinical protocol. The in silico method is a safe plat-
form for comparing various use scenarios without engendering risk
to patients.

Our results focus attention on the place of computer-based deci-
sion support tools in clinical practice. Traditional approaches designed
to improve care through education alone are not likely to lead to
achievement of healthcare delivery quality goals.26 We believe elec-
tronic decision-support tools will be required.27–30 Our strategy pro-
vides a proof of concept for an approach likely to be important in the
future when more replicable clinical care methods are available. The
current healthcare emphasis on EMRs, meaningful use, a Learning
Health Care System, and reduction of error in clinical care make it

Table 2: Favorability frequency

Recommended continuous IV insulin
infusion rate at time¼ ti

a
Blood Glucose category
(mg/dL) at time¼ ti þ 1

a
Favorability frequency, n (%)

eProtocol-
insulin

Glucosafe Equivalent

<80 273 (15) 1470 (80) 102 (5)

a (continuous IV insulin infusion rate recommendations¼ )a 80–110 2919 (31) 5984 (64) 453 (5)

b (continuous IV insulin infusion rate recommendations 6 10%)a 80–110 2483 (26) 5573 (60) 1300 (14)

>110 2045 (26) 5473 (70) 265 (4)

Counts of more favorable continuous IV insulin infusion rate recommendations at time¼ ti from eProtocol-insulin or Glucosafe, based on three
blood glucose categories at time¼ ti þ 1.
aAnalysis (a) in Figure 1 (continuous IV insulin infusion rate recommendations of eProtocol-insulin and Glucosafe are equivalent only when they are
equal). Analysis (b) in Figure 1 (continuous IV insulin infusion rate recommendations of eProtocol-insulin and Glucosafe are equivalent when they
are within 10% of the lower continuous IV insulin infusion rate recommendation (610%, b in Figure 2).

Table 3: Continuous IV insulin infusion rate recommendations and difference in recommended IV insulin infusion rate

Blood glucose category at time¼ ti þ 1
a Count

Continuous IV insulin infusion
rate recommendation
(U/h) at time¼ ti

a

Pairwise continuous IV insulin
infusion rate recommendation
difference (U/h) at time¼ ti

a

eProtocol-insulin
median (IQR)

Glucosafe
median (IQR)

(Glucosafe - eProtocol-insulin)
mean (SD)

Low (<80 mg/dL) 1845 3.4 (3.5) 1.5 (3.2) �1.8 (2.4)

On target (80–110 mg/dL) 9356 3.3 (3.2) 2.8 (3.6) �0.8 (2.2)

High (>110 mg/dL) 7783 3.3 (2.8) 5.4 (4.7) 1.7 (2.9)

Total 18 984 3.3 (3.1) 3.5 (4.6) 0.1 (2.8)

Glucosafe minus eProtocol-insulin (U/h) at time¼ ti, based on three blood glucose categories at time¼ ti þ 1. We report medians (interquartile
range) because the continuous IV insulin infusion rate recommendation distributions are skewed. We report the mean (SD) of the pairwise differ-
ences because the differences appear normally distributed.
aSee Figure 2.
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likely that more computer-based protocols like those described above
will be forthcoming.

CONCLUSION
We performed a credible in silico comparison of two computer-based
insulin infusion protocols. This in silico approach can be used to iden-
tify computer-based protocols worthy of the expense and burden of a
clinical trial. Glucosafe appears worthy of clinical trial evaluation. Our
analytical framework is one strategy for achieving some goals of a
Learning Health Care System.
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